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ABSTRACT

A safety device for shutting o:
appliance 1n the presence of

T the flow of gas to a gas-fired
flammable vapors. The resis-

tance of a variable resistance flammable vapor sensor 1s
monitored by a microprocessor that controls the operation of
a gas flow valve. When the measured resistance indicates the

presence of a preselected

concentration of flammable

vapors, the gas flow valve 1s shut of and the 1ignition system

cannot be energized.

9 Claims, 1 Drawing Sheet
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FLAMMABLE VAPOR CONTROL SYSTEM

This application claims the benefit of U.S. Provisional
Application No.: APPLICATION No. 60/195,829 FILING
DATE Apr. 11, 2000.

BACKGROUND OF THE INVENTION

The present invention generally relates to safety devices
for mitigating the danger posed by the presence of flam-
mable vapors 1n proximity to a gas-burning appliance and
more particularly pertains to a control system that shuts
down the operation of the appliance when the presence of
flammable vapors 1s detected.

A potential hazard inherent 1n the operation of a gas-
burning appliance 1s that it may cause flammable vapors to
ignite that happen to collect in and around the appliance.
Ignition may either be caused by the burner or pilot flame or
by an electric or electronic ignitor upon being energized.
This 1s especially problematic in for example water heaters
or furnaces that are located 1n garages in which cars are
parked where the leakage or spillage of gasoline may occur.
Once a combustible mixture reaches the appliance, a fire or
explosion may result.

Efforts to address this potential safety hazard have been
previously directed to ensuring adequate ventilation in and
around the appliance, the elevation of the appliance in an
effort to distance 1t from flammable vapors that are denser
than air, and more recently, the 1solation or sealing of the
burner from 1its surroundings. Attempts have also previously
been made to adapt specialized sensors for the purpose of
sounding an alarm in the event the presence of certain
flammable vapors 1s detected. Such systems are however
incapable of automatically and positively preventing the
ignition of flammable vapors by a gas-fired appliance.
Moreover, a gas-fired appliance that relies on an automatic
ignition system poses an additional hazard as merely shut-
ting off the supply of gas so as to extinguish the burner
would not necessarily preclude 1gnition by an electronic or
clectric ignitor should 1t subsequently become energized.

A flammable vapor control system 1s needed that 1s able
to mitigate the danger of a gas-burning appliance that
employs an automatic i1gnition system so as positively
prevent such appliance from i1gniting flammable vapors.
Such system must be capable of reliably removing all
potential 1gnition sources once a certain concentration of
flammable vapors has been detected.

SUMMARY OF THE INVENTION

The present invention overcomes shortcomings of previ-
ously known approaches for mitigating the dangers associ-
ated with a gas-burning appliance. By employing a micro-
processor that controls the operation of a gas appliance both
in terms of regulating the flow of gas to the appliance as well
as controlling the operation of the 1gnition system, a system
1s provided that positively precludes the 1gnition of flam-
mable vapors by the appliance. The microprocessor 1is
responsive to a sensor that i1s capable of detecting the
presence ol flammable gases. Once a suflicient concentra-
fion of flammable vapor 1s detected, the flow of gas to the
appliance 1s shut off to extinguish both the burner as well as
an associated pilot flame 1f present, and if the appliance
employs a hot surface 1gniter or spark igniter, the ignition
system 15 de-energized. By causing the microprocessor to
respond to a concentration of flammable vapors well below
a combustible concentration, a substantial margin of safety
1s automatically built into the system.

10

15

20

25

30

35

40

45

50

55

60

65

2

The system may additionally control the operation of an
induced draft fan that 1s activated whenever the gas valve 1s
energized and may additionally be activated during a pre-
purge or post-purge cycle to clear the combustion chamber
of any flammable vapors

The flammable vapor sensor 1s connected to the micro-
processor through suitable interface circuits. The sensor
changes resistance as a function of the presence of flam-
mable vapors wherein the resistance increases along with an
increase 1n the vapor concentration. The microprocessor
measures the resistance of the sensor and the response 1s
triggered at a preselected resistance. The system 1s readily
adaptable to a variety of gas-fired appliances including, but
not limited to, furnaces and water heater systems.

More particularly, the present invention provides for the
interconnection of a flammable vapor sensor to a micropro-
cessor having an internal analog-to-digital converter. The
control will monitor the resistance of the sensor, and when
it detects the presence of a preselected concentration of
flammable vapors, the controller will de-energize both the
cgas valve and the 1gnition source. The controller may
monitor the sensor resistance at all times or 1t may
alternatively, only at the beginning and during an ignition
cycle. Another optional feature includes the ability to lock
out at a given vapor 1n a volatile lockout which would
require the removal and subsequent re-application of power.
As a further alternative, a non-volatile lockout can be
employed which cannot be reset by simply removing and
re-applying power. Such feature may be used 1n combination
with the volatile lockout wherein the non-volatile lockout
becomes active after resetting the volatile lockout a prede-
termined number of times. As a further alternative, the
system may include a fuse which blows when a predeter-
mined level of flammable vapors 1s sensed by the sensor.

These and other features and advantages of the present
invention will become apparent from the following detailed
description of a preferred embodiment which, taken in
conjunction with the accompanying drawings, illustrates by
way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a water heater
employing the safety system of the present invention;

FIG. 2 1s circuit diagram including a microprocessor;
FIG. 3 1s a circuit diagram of the sensor; and

FIG. 4 1s a circuit diagram of an alternative embodiment
of the sensor.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The drawings depict various embodiments of the present
invention wherein a microprocessor controls the operation
of the gas-burning appliance. When the flammable vapor
sensor detects a predetermined level of flammable vapors,
the microprocessor shuts off the flow of gas to the appliance
and prevents energization of the 1gnition system. The extinc-
tion of the appliance’s burner and the denial of power to the
1gnition system serves to positively remove the appliance as
a possible 1gnition source for the flammable vapors.

FIG. 1 1s an illustration of a water heater employing the
safety system of the present invention. A water heater 12
employs a gas control unit 14 which serves to control the
flow of gas from an inlet conduit 16 to a feedline 18 that
suppliecs a burner within the water heater. Additionally,
electrical conductors 20 associated with a thermocouple or
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thermopile and electric or electronic 1gnition system extend
from the control unit to within the water heater. A flammable
vapor sensor 22 1s situated near the base of the water heater
as many flammable vapors of concern, such as gasoline, are
heavier than air. Alternatively, the sensor maybe positioned
directly 1n an intake duct through which combustion air 1s
routed to the water heater’s burner.

Contained 1n the control unit, 1s a microprocessor that
interfaces with a gas valve as well as an 1gnition system.
Whenever an increase 1n the temperature of the water
contained within the water heater 1s called for, the control
unit causes the valve to be opened, so as to supply gas to the
burner, and the 1gnition system to be energized. After the gas
1ssuing from the burner has been 1gnited, the 1gnition system
1s de-energized while the gas continues to flow until a
desired water temperature within the water heater has been
attained. Such systems are well known 1n the art and many
variations thereof are possible.

Referring first to the main circuit diagram depicted in
FIG. 2, the micro port pin extending from microprocessor 24
(U1, Vport) is configured as an analog-to-digital converter
(A/D), and reads the voltage of the divider between a
preferably variable resistance sensor device (R3) and a
(preferably) fixed resistance, which may be for example a 36
K ohm resistor (R1). The reference voltage of the A/D (Vref
of Ul) is the same as the voltage on the opposite side of the
36 K resistor (R1). R2 and C1 create a simple RC time delay
to filter any electrical noise. Additional filtration may be

added 1f needed.

Referring now to sensor circuit depicted 1 FIG. 3, 1if a
variable resistance flammable vapor sensing device (R3)
increases 1n value to, for example, 10 Kohm, when vapors
are present, the voltage on the divider (R1 and R3) will be
approximately 1.0 V or higher. If the voltage (U1, Vport) is
below 0.07 V, or the variable resistance flammable vapor
sensor (R3) is below a preselected value, which may for
example be 500 ohms, the control will also lock out. This
serves to detect 1f the sensor has been bypassed, as for
example, if 1t has been replaced by a wire.

Referring now to sensor circuit depicted in FIG. 4, the

circuit generally works 1n the same manner as above, except
for the addition of a fuse (F1) and the FET (Fleld Effect

Transistor) (Q1). A 2N7008 or the like may be used as Q1.

If the gate of the FET (Q1) rises above the on voltage, the
FET (Q1) will switch on and create a large current between
Vr and GND through the fuse (F1). This will cause the fuse
to blow open. The on voltage of this FET, a 2N7008, 1is
ogenerally between 1.0 and 2.5 VDC. To ensure that the fuse
blows at the same time the control locks out, the micro port
pin (U1, Vport) changes from an A/D input to an I/O output
pin. The output will be high, approximately 5V. This will
force the gate of the FET (Q1) above the on voltage, and will
blow the fuse (F1) at the same time the control locks out.

Any of a variety of flammable vapor sensors may be
employed. The resistance of such sensor preferably

increases as a function of the flammable vapor concentra-
fion. An example of such device 1s the ADSISTOR VAPOR

SENSOR #303-A that 1s supplied by ADSISTOR
TECHNOLOGY, INC of Seattle, Wash. Such device has a
resistance of 1 K-ohm to 3 K-ohm at 70° F. in the absence
of the flammable vapors. Upon exposure to 50% of the LFL
(low flammability level), the sensor’s resistance will exceed

10 K-ohms preferably within about 30 seconds.

The microprocessor circuits may be set up to shut off the
flow of gas and to preclude the energization of the ignition
system at any preselected concentration of flammable
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vapors. In order to impart a substantial margin of safety to
the system, i1t may be desirable to shut of the flow of gas
when a 50% LFL (low flammability level) or LEL (low
explosive level) is achieved. Additionally, the rate of the
increase 1n the concentration of the flammable vapor may be
monitored and the time at which a critical concentration will
achieved may be estimated so that the gas may be shut off
before the delayed response time of the sensor would
otherwise cause the shut off of the gas. This allows the gas
to be shut off and/or the 1gnition system to be de-activated
much sooner than would be possible in view of the 30
second response time provided by the particular sensor
described above.

The microprocessor may additionally be configured to
provide for a volatile lockout which can only be reset by
briefly removing and re-applying power to the device.
Alternatively, the lockout may be non-volatile wherein a
power 1nterruption would not result 1n a reset. It may be
especially preferable to combine a volatile lockout with a
non-volatile lockout, wherein the non-volatile mode would
become applicable after predetermined number of attempts
to reset the volatile lockout. Other lockout systems well
known 1n the art may be incorporated 1n the safety system of
the present invention.

The safety system of the present invention may addition-
ally be adapted to a gas-fired appliance that includes an
induced draft fan, such as the fan 26 schematically depicted
in FIG. 1 on the water heater 12, and the associated ducting.
The microprocessor used 1n conjunction with such system
may be configured to cause the induction fan to blow after
the gas supply has been shut off to thereby blow exhaust
gases away from the combustion chamber.

The microprocessor may be configured to monitor the
sensor resistance at all times or 1t may monitor 1ts resistance
at a predetermined time such as just prior to and during an
ignition cycle. Monitoring would therefore not occur when
no heating of the contents of the water heater 1s called for.

While a particular form of the invention has been 1llus-
trated and described, 1t will also be apparent to those skilled
in the art that various modifications can be made without
departing from the spirit and scope of the mvention. More
particularly, the system may be adapted to any of a variety
of different gas-fired appliances and any of a variety of
different variable resistance flammable vapor sensors may
be used. Accordingly, 1t 1s not intended that the invention be
limited except by the appended claims.

What 1s claimed is:

1. A safety system for controlling a burner of a gas
appliance, comprising;

a gas valve for controlling the flow of gas to said burner;

a sensor operative to detect a flammable vapor; and

a mlcroprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration of flammable vapors 1s detected,

the microprocessor monitoring said sensor only at the
beginning of and during an ignition cycle.
2. A safety system for controlling a burner of a gas
appliance, comprising:
a gas valve for controlling the flow of gas to said burner;
a sensor operative to detect a flammable vapor;

a microprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration of flammable vapors 1s detected; and

an electronic ignitor wherein said microprocessor 1s fur-
ther operative to preclude the energization of said
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ignitor of said i1gnitor when preselected level of flam-
mable vapors 1s sensed by said sensor.

3. The safety system of claim 2, wherein the micropro-
cessor monitors said sensor at all times.

4. The safety system of claim 2, wherein the micropro-
cessor monitors said sensor only at the beginning and during
the 1gnition cycle.

5. A safety system for controlling a burner of a gas
appliance, comprising:

a gas valve for controlling the flow Of gas to said burner;

a sensor operative to detect a flammable vapor; and

a microprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration of flammable vapors 1s detected, the micropro-
cessor having an mternal analog-to-digital converter to
which said vapor sensor 1s connected,

said sensor being incorporated 1n a voltage divider circuit.

6. A salety system for controlling a burner of a gas
appliance, comprising:

a gas valve for controlling the flow of gas to said burner;

a sensor operative to detect a flammable vapor; and

a microprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration Of flammable vapors 1s detected, the micropro-
cessor having an mternal analog-to-digital converter to
which said vapor sensor 1s connected,

a filter circuit being disposed between said sensor and said
microprocessor to filter electrical noise.

6

7. A safety system for controlling a burner of a gas
appliance, comprising:

a gas valve for controlling the flow of gas to said burner;

a sensor operative to detect a flammable vapor; and

a microprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration of flammable vapors 1s detected, the micropro-
cessor having an internal analog-to-digital converter to
which said vapor sensor 1s connected,

10

a fuse being combined with said sensor and being adapted
to blow when the vapor concentration reaches the
preselected concentration.

8. The safety system of claim 7, wherein a FET 1s relied
upon to cause said fuse to blow when said vapor concen-
tration reaches the preselected concentration.

9. A safety system for controlling a burner of a gas
appliance, comprising;:

15

a gas valve for controlling the flow of gas to said burner;

20

a sensor operative to detect a flammable vapor;

a microprocessor responsive to said sensor and operative
to shut off the gas valve when a preselected concen-
tration Of flammable vapors 1s detected; and

= an 1nduced draft fan, wheremn said microprocessor 1s

operative to energized said fan at times when said valve
1s closed.
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